Old World bluestem (OWB; Bofhriocloa spp. ) are popular in the southern Great Plains but little is known about tbe relationships between forage characteristics and animal productivity. The inlbrence of differences in berbage mass and sward height of OWB on rate of gain during the summer grazing season was examined during 2 years at El Reno, Okla. Daily gains peaked at a herbage height of 41 cm in 1984, but increased linearly throughout the range of the data (75 cm) in 1985. Individual animal gains decreased linearly with increasing stocking rate such that maximum gain per hectare was achieved at about 5 animals ha-' (standard 500 kg). The data suggest that maintaining higher herbage mass and height of OWB forage improves animal performance and support the practice of intensive early grazing and removing cattle by late July when rate of gain declines.
grass (Phillips and Coleman 1995) but at a higher cost than native range. In general, animal gains on all of the systems were moderate to poor (0.5 to 0.75 kg day-'). 't Mannetje and Ebersohn (1980) stated that intake and animal production are asymptotically related to total dry matter in the pasture where the herbage consumed is a constant proportion of herbage present. Forbes and Coleman (1993) reported that maintaining 1 Mg ha-' of green leaf mass maximized intake of OWB forage dry matter and digestible organic matter. Data that define the relationship of herbage mass or stocking rate to animal productivity are very limited for pastures composed of the tall bunchgrasses common to the Southern Great Plains, either in native stands or in sown pastures. The objective of this experiment was to determine how herbage mass and height influence rate of gain of steers grazing OWB and total productivity of the pastures.
Materials and Methods
The study was conducted at the USDA-ARS Grazinglands Research Laboratory at El Reno, Okla., (35"33' N, 98" 2' W, 423 m above sea level) during 1984 and 1985 . Soils at the site were fine, silty Pachic Haplustolls of the Dale series. During each year, 200 yearling commercial crossbred beef steers predominantly of Hereford and Angus breeding were obtained from producers in the area, dewormed, vaccinated for respiratory pathogens and allowed to acclimate for 2 weeks. They were then weighed full and a uniform set (227 -t 21 kg) by weight was selected for tester animals that were randomly assigned to pastures.
Fourteen experimental pastures (1.6 ha each) were seeded to either Plains or Caucasian Old World Bluestem (OWB) in a completely randomized design in 1979. All pastures were cut for hay in 1980 and were grazed in 1981. During 1982 and 1983, each pasture was grazed at a similar intensity as in the current experiment (Forbes and Coleman 1993) . All pastures were burned about 1 March each year and fertilized immediately with 80 kg-' N ha-'. Six of the pastures (3 for each species) were divided in half to produce twelve 0.8 ha pastures that were randomly allocated within species to 1 of 3 levels of herbage mass, designated low, medium and high projected at 1.5, 3.0 and 4.5 Mg-' herbage mass. The remaining 8 pastures (1.6 ha) were randomly assigned within species to the low or high herbage mass. Two tester animals grazed each 0.8-ha plot and 4 testers grazed the 1.6-ha plots throughout the grazing season. The target herbage mass was maintained by the use of 'put and take' animals. Decisions regarding addition or removal of animals were based on weekly estimations of herbage mass and sward surface height.
Sward Measurements
Herbage mass was determined weekly with a single probe capacitance meter (Vickery et al. 1980; Vickery and Nicol 1982) calibrated monthly by hand clipped samples. Each week, 15 readings were taken at random within each quarter of the 0.8-ha pastures and within each sixth of the 1.6 ha pastures. Before and after the 15 capacitance readings were taken, a reading was taken with the capacitance probe pointing into the air for correction (AIR). The capacitance taken with the probe in the herbage was subtracted from that in air for a corrected capacitance (Vickery and Nicol 1982) . Calibration samples were clipped from two, 20 X 50 cm quadrats in each pasture to crown level and were dried in a forced air oven at 65" C. Before clipping, 10 capacitance readings were taken from within the quadrat, starting 6 cm from the edge with an AIR correction before and after. Capacitance for the herbage was the difference between the 2 AIR readings X 5 and the sum of the 10 readings taken from the herbage. Because the relationship of capacitance to dry yield was different each month, dry weight (Mg ha-') was regressed on capacitance within each month to obtain prediction equations. The equations were then used to calculate herbage mass for each of the individual capacitance measurements for each pasture. Sward height (cm) was measured at each spot for which a capacitance measurement was taken and was also averaged for each pasture.
herbage species and level of herbage were fixed main effects. Pasture was the experimental unit and herbage and animal measurements were averaged within each pasture. This design allowed 20 pasture observations for season-long measurements each year. For seasonal trends, sampling date was treated as a continuous variable (co-variate) of days from the beginning of the grazing season to evaluate the patterns of plant and animal growth. Analysis of covariance was also conducted by regressing season-long animal response on season-long average herbage mass and height and on stocking rate. The GLM procedure of SAS (1990) was used for all analyses.
Results and Discussion
Weekly average minimum and maximum temperature patterns were typical of those during the past 25 years at the location (Fig.  1) . Annual precipitation was 8 cm less in 1984 and 13 cm greater in 1985 than the 25-year average (81 cm), although the number of measurable precipitation events was similar for both years. In 1985, late season rains resulted from a hurricane that accounted for most of the precipitation above the 25-year average.
The relationship between herbage mass and capacitance was linear for June through August, 1984 (Fig. 2a-2c) and quadratic in September 1984 (Fig. 2d ). Slopes of the linear terms were different (P c 0.05) among months and became steeper as the season progressed indicating that greater herbage mass was required for each increment of capacitance for the drier, more stemmy forage late in the season. In September, the curve resembled an expo-
Animal Measurements
All animals were weighed before and after each grazing season after an overnight fast without feed and water. Average rate of 50 gain (shrunk) was calculated for each pasture as the final weight minus the initial weight divided by number of days. During the 40 experiment, each animal was weighed full at approximately 28-30 day intervals. Additional animals (put-and-take) could be added 20 at weekly intervals. Put-and-take animals were weighed on and off each pasture they grazed to calculate forage demand based on 10 total animal weight per pasture per day. ou 0
In order to describe the pattern of gain over the grazing season unincumbered by treatment differences in fill, estimated shrunk g -10 3 weights throughout the grazing season were calculated by the folg lowing procedure. Full weights for each tester animal were g 40 regressed on days on trial with cubic regression and full weights predicted for the initial .and final date, when actual shrunk f 30 b weights were taken. Fill was calculated for the initial and final date as the difference between actual shrunk weight and predicted full weight. Weighted fill differences were calculated for each weigh date and shrunk weights were calculated by subtracting fill from full weight with the assumption that changes in fill were linear over the grazing season. The calculated shrunk weights were regressed on days using cubic regression to obtain coefficients of growth through the grazing season. nential. In 1985, equations for all months had significant quadratic components , and the differences among months were less striking. The coefficients were similar (P > 0.05) during July and August. The shape of the curve in 1985 (negative quadratic term) was similar to that reported by Vickery and Nicol(l982). In general, slopes were not as steep as in 1984, probably due to better control over the standing herbage mass. The slope differences indicate the necessity of frequent recalibration and the use of double sampling. All variables describing the sward and animal response are shown in Tables 1 and  2 , and were different due to years and targeted herbage mass (P c 0.05). An interaction of year by targeted herbage mass was present (P < 0.05) for measured herbage mass, herbage height, adjusted stocking rate, and animal days (Table 1) . Herbage mass ranged from 2.7 to 8.6 Mg ha-', higher than the targeted levels of 1.5 to 4 Mg ha-'. Herbage mass at the targeted high and medium levels was greater in 1984 than in 1985, but pastures at the low levels of targeted herbage mass were similar for both years ( P > 0.05). In 1985, there were no differences in measured herbage mass between high and medium target levels. In an experiment where 1 of the controls (herbage mass) is a measured variable, it is impossible to truly replicate the treatment. Therefore, a better approach is to use the individual pastures as observations, and use herbage mass or height as a shown). Sward height of pastures increased (P < 0.05) with increasing levels of targeted herbage mass. Pastures maintained at high herbage mass were stocked with the minimum 2.5 steers ha-' throughout the season in 1984 with very little change in stocking rate. As a result, these pastures were heavily 'spot-grazed' with much of the land area not being grazed at all. As the season progressed, the grazed areas were heavily utilized and slowly expanded to provide additional forage as the growth rate subsided. All pastures were stocked heavier in 1985 than in 1984, thus, resulting in lower and more uniform herbage mass and height at the medium and high target levels. Herbage mass and height were quite variable during the course of the grazing season ( Fig. 3 and 4, respectively) . During both years, the pastures were similar at the start of the season because all animals were moved onto the pastures at the same time. In retrospect, a better alternative might have been to start those animals assigned to the pastures targeted for low herbage mass earlier, but weight gains and forage growth during that time would have been confounded. In 1984. herbage mass was already at 4.4 Mg ha-' at the initiation of grazing and growth rate was very rapid. In 1985, grazing was initiated earlier with about 3.5 Mg ha-' and growth occurred much more slowly with pastures at high and medium herbage mass exhibiting very similar growth patterns. The model GRAZE (Smith and Loewer 1983) predicted that the amount of accumulated above-ground dry matter that provides enough leaf area to support the maximum growth rate (Seman et al. 1995) was 2.3 Mg ha-'. Projected growth rate was 254 kg ha-' day-' (Coleman et al. 1995b ) and represents the amount that could be harvested without diminishing growth rate. Thus the model suggests that grazing should be initiated when herbage mass reaches about 2.3 Mg ha-' with a harvest rate of 254 kg ha-' day-'. Linear and quadratic regression equations published by Dabo et al. (1987) . upon whose data the model was parameter&d, indicated that only 56 to 100 kg ha-' day-' forage would be produced. However, the regression equations would reflect an average growth rate over the 13-week growing season, not the maximum rate. Herbage height was similar at initiation of grazing for both years. Swards with high and medium herbage mass increased rapidly in height and then declined due to harvesting by the animals and decreasing rate of plant growth. The greater herbage mass, but not height, at the beginning of 1984, compared with 1985, could be due to greater tiller number and weight as a result of the delayed start date for grazing.
Averaged over the grazing season, daily gain was higher for pastures with high and medium levels of herbage mass than for those with low levels (Table 1) . Caucasian supported higher gains than Plains in 1984 ( 0.69 vs 0.52 kg day-'; P < 0.05; Table 2 ). Both species supported similar gains in 1985 (0.69 kg day-'). Patterns of animal weight during the growing season are shown in Fig. 5 and 6 for 1984 and 1985, respectively. A 3-way interaction for intercepts among years, forage species, and herbage mass occurred, thus, separate analyses were conducted for each year. In 1984, weight patterns were typical of those produced by warm season perennial grasses, with an obvious summer slump during August (day 214-243). In 1985, weight patterns also demonstrated the typical summer slump. but late season precipitation allowed short-term gains during the last weigh period.
Instantaneous rate of gain for any given date can be determined from the first derivative of the fnnction describing weight with time. From this function, rate of gain in 1984 declined linearly during the grazing season and was 0 at 260 days (20 September) for all Caucasian and for Plains bluestem pastures with high and low herbage mass. Rate of gain was 0 by 241 days for Plains bluestem managed for medium herbage mass. In 1985, the late season surge in weight gain after 1 September (245th day) result-JOURNAL OF RANGE MANAGEMENT 51(4), July 1998 403 ed in a cubic regression and salvaged the summer slump, but gains were minimal from day 200 (18 July) until September. During both years, gains were very rapid early in the season when forage supply was plentiful and nutritious. These data would support the suggestion that intensive early grazing would provide essentially the same total gain per animal as season-long grazing, but in a shorter time period and likely at a higher stocking rate. Utilizing the growth curves and current economic conditions such as seasonal livestock prices, producers could project the most profitable time to market. The use of regression to determine patterns of gains over the season provides a better understanding for grazing Old World Bluestem (OWB) and probably other warm season perennial grasses than season-long average daily gains alone. Season-long average daily gain (ADG) is plotted against average herbage mass in Figure 7 . A year X species interaction occurred for the slopes and intercepts, so separate analyses were conducted for each year. In 1984, Caucasian bluestem supported greater season-long gains and little change (P > 0.05) was noted from 2.5 to 6.5 Mg ha-' in herbage mass. Rate of gain for Plains pastures, however, increased 0.054 kg day-' for each Mg increase in herbage mass (3 = 0.76; P < 0.05). The difference between species may be a difference in growth form. Caucasian bluestem grows more upright, whereas Plains tends to be more prostrate, especially under close grazing (Forbes and Coleman 1993) . At reduced herbage mass, individual tillers of Caucasian plants would be taller and grazing animals could more readily prehend and consume forage than from the more prostrate Plains plants. In 1985, data from both species fit a common regression in which ADG increased 0.085 kg for each Mg in available herbage (3 = 0.49; P < 0.05). Also, all gains were higher in 1985 than in 1984, primarily due to the late season recovery (see Fig. 5 and 6). Hodgson (1982a) showed that daily herbage intake and intake per bite of continuously stocked swards of ryegrass [Zdium pererme (L.)] increased with increasing herbage mass, up to 2 Mg ha-', the limits of the experimental conditions. 't Mannetje and Ebersohn (1980) suggested that when herbage consumed is not a fixed proportion of herbage present, such as when the pasture contains a seasonally variable amount of stem or dead material, intake or rate of gain (production) is asymptotically related to green herbage present. This situation should apply in the current study, but the proportion of green herbage was not measured. In an earlier study on some of the same pastures, Forbes and Coleman (1993) found that green leaf mass was more closely related to organic matter intake and digestible organic matter intake than other sward characteristics, primarily due to its influence on bite size. Dabo et al. (1987) reported that the leaf-to-stem ratio of OWB decreased from about 2 at 3 weeks regrowth to 0.5 at 13 weeks regrowth. The relationship of season-long ADG to herbage height was different (P < 0.05) between species (Fig. 8a,b) and the intercepts were influenced by an interaction of species and years. The intercept and, therefore, overall gains were higher (P < 0.05) in 1985 for Plains bluestem whereas there were no differences between years for Caucasian. Though equations for both species contain a quadratic component, only the one for Caucasian was important for the range of the data in this study. Maximum gains for caucasian occurred at 41.7 cm, slightly above the average height (35.2) of swards managed for medium herbage mass. Gains of steers grazing Plains bluestem continued to increase through the range of the data, influenced heavily by the lower and more linear relationship in 1984 than in 1985. Previous research from Scotland with perennial ryegrass (Hodgson 1982b; Penning 1985) and from Australia (Black and Kenney 1984) suggested intake of sheep was related asymptotically to herbage height. The work of Hodgson (1982b) indicated that intake increased with increasing herbage height up to 30 cm, but above 30 cm, no further increases were observed. The current data suggests a maximum at 41.7 cm, slightly taller than that of Hodgson (1982b) , but much taller than the 6 cm at which Penning (1985) observed no additional response. The differences probably reflect the contrasting grazing habits of sheep and cattle (Forbes and Hodgson 1985) , differences in the growth habits of perennial ryegrass and the Old World Bluestem (OWB) or to response differences of intake to height versus Average Daily Gain (ADG) to height. The OWB are tall, bunch grasses and the swards likely are different from perennial ryegrass in live-to-dead and leaf-to-stem ratios. Black and Kenney (1984) noted that both sward height and tiller density influenced intake rate of artificial swards. They found that intake rate reached a maximum at 6 cm sward height with 26,000 tillers me2 but increased linearly to 20 cm with 1,600 tillers rn-'. Stobbs (1973b) found that cows prehended a bite of maximum size when swards contained the highest proportion of accessible leaf. Stobbs (1973a) suggested that with tropical species, bite size could become so limiting that dairy cows could not consume enough digestible organic matter in a day to sustain production. Guerrero et al. (1984) showed that rate of gain on bermudagrass was asymptotically related to forage available per animal, but the curves were different for swards of different digestibility. The current data could be forced into an asymptotic equation with a resulting ? of 0.31 for all data. The quadratic equation presented for Caucasian in which gains were reduced when herbage height exceeded 42 cm could be explained by reduced forage quality at higher herbage height, or decreased leaf density (Stobbs 1973a ). On the swards managed for high herbage mass, particularly in 1984, the animals restricted themselves to small areas by patchy grazing and did not graze outside those areas late in the season when ungrazed plants had matured. Since our measurements were the average for an entire pasture, they included the taller ungrazed herbage, and did not necessarily reflect the height of the grazed horizon.
The general lack of fit (low R*) between season-long ADG and average herbage mass or height can be attributed to variations in both dependent and independent variables over the course of the grazing season. For instance, all pastures produced excellent gains (-2 kg day-.') during the early part of the grazing season, but the production of forage and its quality declined during July and August so that animal gains became zero. These limitations to grazing trials have long been known and are a good reason to develop measurements or predictors of performance that can be obtained over short periods of time. The use of bite size to estimate intake (Stobbs 1973a (Stobbs , 1973b ) is such a measure but requires animals cannulated at the esophagus or rumen to collect samples of the diet over a prescribed period of time. More recent efforts to estimate intake (Coleman et al. 1989; Coleman et al. 1995a ) and diet quality (Coleman et al. 1989; Lyons and Stuth 1992) include analysis of feces using near-infrared reflectance spectroscopy. This technique has the potential to provide frequent estimates of digestible dry matter intake of free ranging animals which can be used in decision aids for producers. Average stocking rate and total gain ha" for the season across years and levels of herbage mass are shown in Table 1 and across species and levels of herbage mass in Table 2 . A 3-way interaction for year x species x herbage mass was present (P < 0.05) for stocking rate and adjusted animal days (data not tabulated). The interaction for stocking rate occurred because Caucasian pastures managed for low herbage mass averaged 5.5 animals in 1984 and 8.6 in 1985 while Plains supported 8.4 animals in both years. Pastures managed for medium herbage mass averaged 5 animals ha-' across years and species, whereas, those managed for high herbage mass supported 3 animals in 1984 and 5.2 in 1985. Adjusted animal days followed similar trends. The adjustment for stocking rate and animal days was to a standard 500 kg animal.
There was a negative linear relationship between rate of gain and stocking rate (Fig. 9a) . This function has previously been
